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Unweighted event generation in hadronicWZ production at order (asg)

Matt Dobbg and Michel Lefebvré
Department of Physics and Astronomy, University of Victoria, P.O. Box 3055, Victoria, British Columbia, Canada V8W 3P6
(Received 24 November 2000; published 8 February 2001

We present an algorithm for unweighted event generation in the partonic prppessV=Z(j) with lep-
tonic decays at next-to-leading order éry. Monte Carlo programs for processes such as this frequently
generate events with negative weights in certain regions of phase space. For simulations of experimental data
one would like to have unweighted events only. We demonstrate how the phase space from the matrix elements
can be combined to achieve unweighted event generation using a second stage Monte Carlo integration over a
volume of real emission§ets). Observable quantities are kept fixed in the laboratory frame throughout the
integration. The algorithm is applicable to a broader class of processes and is CPU intensive.
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. INTRODUCTION weighting. The maximum event weighlio,,,, for the pro-
cess is estimated, for instance, by sampling the cross section
Next-to-leading order irvg (NLO(ag)) corrections in di- a number of times. The ratio of event weight over the maxi-
boson production are large at the CERN Large Hadron Colmum event weightlo/do ., is compared to a random num-
lider (LHC) and sizable at the Fermilab Tevatr¢see for ber g generated uniformly in the intervdD,1). Events for
example[1,2]). Run | physics analysef.e., [3,4]) at the which the ratio exceeds the random numbesAdo a>0)
Tevatron have employed constdrfactors to approximate are accepted, the others are rejected. This ensures the ac-
NLO(ag) corrections. With the increased energy and lumi-cepted events are distributed according to the description
nosity of Run Il and the new energy regime that will be provided by the matrix element, and so all have unit weight.
probed with the CERN LHC, simulations incorporating In this paper we describe an algorithm which extends the
higher order corrections will be of increased importance. usefulness of the present NL&§) hadronic di-boson pro-
NLO(ag) differential cross section predictions for di- duction programs by providing a means for unweighted
boson production at hadron colliders are normally accomevent generation thereby presenting the Nkg)( predic-
plished with Monte Carlo integration programs. Divergencedions in a format better suited for experimental simulations.
inherent in the Feynman graphs contributingCtas) are It deals specifically with the region of low transverse mo-
handled with either the phase space slicing mefdddr the  mentum of theWZ system, where higher order corrections
subtraction method6] with the effect that both positive are largest. As for the Drell-Yan process, resummatfoat
weighted events and negative weightéor probability) proposed by[7]) is expected to give more reliable predic-
events are generated. The contribution from negativdions in this region—however a resummed treatment of the
weighted events cancels in an integration over a suitablyVZ(j) process does not exist and a comparison with fixed
large volume of hadronic final states, and a phydipakitive  order predictions will always be of interest. Another ap-
probability) prediction is obtained. Integration programs areproach for this problematic region is the matching of the
successful in producing distribution and cross section prediczero-order matrix elements using a parton shower model for
tions for inclusive observables subject to any experimentasimulations of the initial-state shower to the first order tree
cuts providing statistics are large enough to effect the canlevel [i.e., O(ag)] matrix elements. This has been accom-
cellations, and a sufficient volume of jets has been integrategdlished for the single vector boson cd§g9].
within each histogram bin. However, owing to the negative The algorithm makes use of the matrix elements from the
probability events, unweighted event generation—the genBaur-Han-Ohnemu$BHO) [10] integration package which
eration of events with the distribution predicted by theory—employs the phase space slicing method as regularization
with these NLOgg) matrix elements has not been achievedscheme. This scheme makes use of approximations for the
to date. analytic integration of a volume of soft and collinear real
Unweighted event generation is often preferred over inteemissions. The approximations break down before the vol-
grated distributions because it can genuinely simulate experisime can be increased sufficiently to render all event weights
mental data and because it is difficult to perform detectoipositive.
simulation on the large event statistics required for integrated The algorithm presented here is an extension of the phase
distributions. space slicing method. A cylinder of jets defined by a trans-
Unweighted event generation can be reduced to a problewerse momentum cutoff] ..« is used to partition event gen-
of rendering all event weights positive definite. If a sampleeration into a subprocess where the real emission has suffi-
of positive definite weighted events can be obtained, theient transverse momentum to be potentially observable
Monte Carlo hit-and-miss method is commonly used for un<called 1 jej and another subproceésalled 0 jej where the
real emission(if preseni has sufficiently small transverse
momentum such that it is taken as unobservable. There are
*Electronic address: matt.dobbs@cern.ch no divergences in the 1 jet cross section so these events all
"Electronic address: lefebvre@uvic.ca have positive weights and unweighted event generation may
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be accomplished by applying Monte Carlo hit-and-miss. Dif-use the subtraction method, while R¢fL0] employs the

ficulties arise in the treatment of the O jet events, which is thgphase space slicing method. The calculations of Réfs-

topic of this paper. 13] were found to be in agreement in REE3]. An updated
The missing transverse momentum in O jet events mayersion of the Ref[10] program incorporating an omitted

arise from the invisible neutrino and from jets which escapeegion of phase space has been compared with[R&f.and

detection. By fixing the total missing transverse momentunfound to be in good agreemeftt, Sec. 5.5

rather than the individual contributions from the invisible  The NLO(ag) cross section receives contributions from

neutrino and unobserved jets, an integration volume of reahe square of the Born level graphs, the interference of the

emissions phase space can be generated and so the cancelarn graphs with the one-loop graphs, and the square of the

tions between the real emissions and one-loop graphs can beal emission graphs,

accomplished by a Monte Carlo integration over this jet vol- 5 ) 5

ume. The charged lepton and missing transverse momentum  Mgyio= Maomt Meom® Mone loog™ Mieal emission (1)

vectors(i.e., the observable quantitieare kept fixed in the i traviolet di h
laboratory frame throughout the integration. Since the jet°ft: collinear, and ultraviolet divergences appear when any

volume may be large, the fixing of the observable quantitie€! the O(as) graphs are treated alone, and so a regulariza-
is essential. An integration which instead keeps other quar.pon scheme is necessary to ensure the inherent cancellations.

tities such as the subprocess energy and boost fiaed The matrix elements used in this study employ the phase

would be the case if the phase space slicing method werdP@c€ slicing method. A volume of real emissions phase
applicable to such large jet volumesould also necessarily SPacelherein referred to ag+1)-body phase spagés par-

be an integration over observationally different charged lep!itioned by means of soft and collinear cutdffand incorpo-
ton vectors. rated analytically with the soft gluon and leading pole ap-

A final state neutrino is not the only means of generating?roXimations into the phase space of the diagrams lacking a
the missing transverse momentum over which a jet volum&€@! emissiontherein referred to as n-bogly ,
can be integrated. Anything which contributes to the missing N the region where the soft and collinear divergences
transverse momentum may be used including the primordia‘?verlap' the perturbatlye QCD calculation may be visualized
kT distribution of the proton, multiple interactions, minimum N t€Ms of an expansion in powers of
bias events, and even detector resolution.\Wa production

2

with leptonic decays, the invisible neutrino is a convenient s ni 2
choice. In generalizing this algorithm to other processes dif- 2m PJLtZ

ferent contributions to the missing transverse momentum

could be used. whereasg is the QCD coupling,\/g is the subprocess energy

Section Il of this paper briefly enumerates the presentlyand characterizes the scale of the interaction, Rds the
available integration packages for hadroWi€Z production  transverse momentum of the ordeg real emission. When

and outl[nes the regularization sqh_emes commpnly gsed fo[‘he jet transverse momentuﬁj; is small relative to\/g the
the matrix elements before describing the algorithm in SOM§ = ~tion given in Eq.(2) becc;mes large and multi’—gluon

g:::?ilgr:réliiterfbdlt:ocr:(s)sfrsosrfciﬁ% nsreztatir;dnseglcekrgl g'sﬁ:::rgéicgz%mission is important—this is the problem region for fixed
9 P 9 P rder calculations. We wish to integrate out a large enough

:Jor;sveennt:asdgiﬁnt?]:aaﬁ‘?:a:,vggciirgi algorithm. Our conclusions ar%th volume such that the function given in E@) remains

smaller than unity. Fox/gz 1 TeV this givestTet of order 10

GeV, which in turn corresponds nicely to the detector capa-

Il. ALGORITHM FOR UNWEIGHTED EVENT bilities at the LHC, wherein typically jets above 130) GeV
GENERATION will be reconstructed at lowhigh) luminosity. Smaller jet

We choose the specific processp—W*Z(j) with integration volumes would be necessary at lower machine

ergies.

electron/muon-type vector-boson decays as a case study @ T, . N

apply the algorithm. LHC energy is chosen because the chal- Thg situation Is lllustrated schematyca_lly In F'.g' 1. A hy-
lenges in terms of negative probability events are more se,t:_)othet|cal jet transverse momentum distribution is shown for

vere at 14 TeV than for the Tevatron case.

1The phase space slicing method defines the soft jet region by

A. Order ag cross section \/;
S
HadronicWZ production at NLOgg) has been calculated Eot'S< 35—

in Refs.[10—13. All calculations with the exception of Ref. CMS . . .
[12] use the narrow width approximation, wherein the gaugeWhereEieF 's the jet energy in thAWZJ subprocess center of mass
bosons are taken on their mass shell. The correlations in tHE2Me; s is the soft cutoff, andy's is the subprocess energy. The
decays of the vector bosons to massless fermions are full§P!linear region is defined by

included in Refs[12,13, while they are included in all but [EEj+p-pjl<as
the one-loop graphs in Ref10]. For the numerical imple- whereE; andp; are the energy and momentum of massless parton
mentation of the NLOgs) matrix elements Refd.11-13 i and & is the collinear cutoff. For more details see R
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may affect the kinematics of the event to the point which is

observable by the detector. With this in mind, the observable

Tee vectors(charged leptons for the case\WZ production with

H leptonic decaysare kept fixed throughout the integration,

and the center of mass frame vectors are allowed to fluctuate.
We start by sampling the observable quantities of the

event i.e., fixing the vectors

do/dP;

PI\iN,PIZ,Plg,ﬁT (3)

miss
N+1 body contribution )
wherePﬁv is the momentum of the charged lepton from the

W= decay,P,+,P,- are the momenta of the charged leptons
inclusive N body & N+1 body contributions z z 2T . . .
integrated over low P, jets from the Z decay, andP, is the missing transverse mo-

0 ‘ ' ' ' ' ' ' ' ' mentum. With theZ boson taken on shell and requiring no
net momentum transverse to the beam, this amounts to 8
degrees of freedom.

N body contribution For the case of the n body matrix element these vectors

-~ also fix the neutrino four-vector witlT=PT. _ and the
. W-mass constraint gives zero or two solutions for the neu-
P(jet)
FIG. 1. A hypothetical transverse momentum distribution of the

trino longitudinal momentum. Within the BHO matrix ele-
jet PJ-Tet in the NLO(«g) integration is shown for illustrative pur-

ments a further 4 degrees of freedom specify the N&£(
corrections. Thus the average n body weidthe"°% for
poses. Then+1)-body contribution divergessolid curve as P, the observable event is arrived at by integrating over these
—0. The n-body contribution is a negative divergence at the origindegrees of freedom and averaging over the two neutrino so-
The divergences cancel in the integral over a suitably large volumédtions. This weight is usually negative. When no neutrino
of hadronic final stateghatched region solutions exist the weight is zero. We refer to a point in the
full n body phase spac@lefined by the vectors of E@3),
the n-body andn-+1)-body case. Thén+1)-body contribu- the 4 extra degrees of freedom, and the neutrino solution
tion diverges as the jets become soft or collinear, while the&hoicg as a “subevent,” such that an “event” as defined by
n-body contribution is a negative divergence at the originthis algorithm is an integration over many subevénts.
The divergences cancel in an integration over a suitably large_We now incorporate the cylinder of jets defined by the
volume of jet transverse momentaatched region The Pl..on by performing a similar integration ovén+1)-body
phase space slicing method effects such an integration, bgtibevents. For each subevent a jet with transverse momen-
the jet volume is not sufficiently large to keep the cross sectum up to the cutoff is sample® degrees of freedomThe
tion in the inclusive (hatchedl region positive for most jet transverse momentum fixes the invisible neutrino trans-
events. verse momentum for the event with the constraint that the
observed missing transverse momentum is kept fixed,

B. Generating unweighted events BT_pT BT @
We begin by dividing events into two classes: those con- v mss e
taining a jet with sufficient transverse momenturﬁjz( The longitudinal neutrino momentum is specified up to a
>Pl.on to be classified as potentially observakieferred  two-fold ambiguity by theWw-mass constraint. The charged
to here as 1 j¢f and those without a jet or containing a jet lepton vectors are also kept fixed in the laboratory frame,
with transverse momentum below the cutﬁfgt< qutof'f (re-  such that all the quantities in E(B) are unchanged through-
ferred to as 0 jét This differs from the definition of n-body out the integration. The average subevent weight is
and (n+1)-body events where the soft and collinear cutoffs(do("" 2% ‘which is a positive number.
define the partition. In the 1 jet region, the matrix elements The phase space for a Monte Carlo integration is normally
are orderag, but the calculation is leading order. There aresampled in terms of variables such as the invariant masses,
no divergences nor are there negative weighted events, $apidities, and decay angles which give a triangular transfor-
event generation can be accomplished with the usual Mont@ation matrix such that the Jacobian is the product of the
Carlo techniques. diagonal entriegas is the case for the di-boson integration
The algorithm concerns events in the 0 jet region only andackages The fixed charged lepton vectors in the laboratory
we focus exclusively on events of this type for the remaindeframe constraint introduces inherent correlations, and the
of this paper. transformation matrix becomes more complicated: for the
The phase space slicing method is extended by integrating
out the cylinder of jets defined by tHe[,.« using a second
stage Monte Carlo integration. As th, . is chosen to be  2a subevent from this algorithm corresponds precisely to an event
the order of 10 GeV, there is a danger that the integratiofrom a Monte Carlo integration package.
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WZ 1 jet case it is a X 11 matrix with no zero elements. all charged leptons must be less than 3 in magnitude. Miss-
Fortunately it is simple to calculate this matrix and its Jaco-ing transverse momentum must be greater than 25 GeV. The
bian numerically on an event by event basis, which is theBHO package is employed for the evaluation of matrix ele-
strategy we have used. This Jacobian is included in the subrents.
event weightslo"P°% and d g (" 1)-body We first evaluate the algorithm’s ability to integrate out
The total event weight for the configuration defined bythe negative probability events. The second stage integration
Eq. (3) is the sum of the n-body angh+1)-body contribu-  is accomplished with relatively low statistics to keep the
tions, with a factor which accounts for the observable vectorgomputer processing time reasonable, only 100 subevents of
phase space sampling each typgn-body and(n+1)-body] are used.
_ For the default choices of the soft and collinear cutoffs in
do®7®'=Wyhase spacs (o™ +(do ™ DPoB)) - (5)  the BHO matrix elementsd=0.01, 5,=0.001) the cancel-
lations between the n-body arld+1)-body partitions are
It is unimportant that the number of subevents for thevery large, and the second stage integration would need un-
second stage integration be sufficiently large to give an acreasonably large statistics for good behavidn order to
curate result for each observable event. A poor accuracy sinkchieve a portion of the jet volume integration analytically
ply means two identically configured events may have dif\we increase the cutoffss(=0.05, §.=0.002) keeping them
fering event weights, however by grace of the Monte Carlowell within the range of applicability of the soft gluon and
method, the average converges to give the correct cross séeading pole approximations. We emphasize that experi-
tion. The subevent statistics are required to be sufficientlynents must take the integration volume into account by en-
large to ensure the event weights of E6) very rarely fall  suring that their analysis is not sensitive to jets within the
negative on account of statistical fluctuations. We refer tasolume (as defined by the jet momentum cutoff of this algo-
events where this occurs as “remnant negative weightithm and the soft and collinear cutoffs of the phase space
events.” Events of this type are discarded, and thus contribslicing methogl. This consideration is true in general for the
ute to a(biased systematic Monte Carlo error. The number phase space slicing method.
of subevents is a means of directly controlling this error. Itis  With these choices of the phase space slicing cutoffs
easy to evaluate this error. “remnant negative weight events” account for approxi-
Finally, we note the application of this algorithm to the mately 0.1% of the total sample of weighted events and
re-weighting of leading order evenfie., re-scaling of tree  —0.02% of the cross section. Most of these events are the
level event weights to account for NL@§) correction$  result of the low second stage integration statistics such that
needs to be approached with caution, as the phase spaggevaluating these events with a larger number of subevents
volume of observable vectors in E(Q) is larger for the renders the event weight positive.
(n+1)-body case than for the n body case since only limited There is another class of remnant negative events which
configurations of these vectors provide n-body neutrino lonare not due to statistics. For these events the charged lepton
gitudinal momentum solutions which satisfy tM-mass in the W-decay is emitted along the line of flight of tNein
constraint. This difference needs to be accounted for in &s rest frame. This configuration is disfavored by the spin

re-weighting scheme. correlations, wherein th&/*-decay W~ -decay with a left-
handed(right-handedl particle emitted along th&V line of
IIl. RESULTS AND COMPARISON WITH INTEGRATION flight is preferred. The BHO matrix elements use a spin av-
PACKAGES eraged treatment for the one-loop graphs and so these corre-

lations are not at all included for the virtual corrections

The results presented in this section use identical paran{though Spin correlations are included everywhere)ems
eters as the comparison of integration packages in Ref. means events in this configuration receive an unphysically
Sec. 5.3 with the exception of the jet definition for the jet |arge negative contribution from the one-loop graphs while
veto. In that study the jet transverse momentum cUBdff,x  receiving the correctspin correlation suppressedontribu-
was motivated by what the detectors are capable of measufion from the other graphs. Thus this class of negative event
ing. Here we motivate thd®(,.« by what the detector is weights arise as a result of the lepton correlation approxima-
incapable of reconstructing: R, Of 15 GeV is defined to  tions used in the BHO matrix elements. The algorithm is
partition the 1 jet and O jet regior(here is no jet rapidity sensitive to these approximations and would benefit from
requirement The CTEQ4M [14] structure functions are used. improved theoretical calculationgas are included in
Input parameters are taken asgy(Mz)=1s, Sirf6y  [12,13). The negative weights associated to events of this
=0.23, a¢(M,)=0.1116, M,=80.396 GeV,M,=91.187 type are extremely small.
GeV, factorization ScaleQ2=M\2N. and Cabibbo angle Finally there are a few events with negative weights at
COSOcapibbe= 0.975 with no 3rd generation mixing. Branch-
ing ratios are taken as Bf(-1*17)=3.36%, Briw*-
—17v)=10.8%. Theb quark contribution to parton distri-  3The same problematic behavior is observed when matrix ele-
butions has been taken as zero. Kinematic cuts motivated bﬁents employing the subtraction method are used. We found no
anomalous triple gauge boson coupling analyses are chos@fimediate solution to this problem for the subtraction method, and
(see for examplé¢l, Sec. §). The transverse momentum of so we have been unable to use this algorithm with subtraction
all charged leptons must exceed 25 GeV and the rapidity ofethod matrix elements thus far.
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TABLE I. The integrated cross section subject to the cuts de- o 102
scribed in the text is compared for the leading order BHO calcula- ¢ 4
tion, the NLO(ag) BHO calculation, and for this algorithm which g 1
uses the BHO matrix elements. %!' 10
340
0 jet LHC W*Z production cross section i
Baur-Han-Ohnemus LO 70:50.1 fb 10
Baur-Han-Ohnemus NLQX(s) 51.0+0.1 fb 10
: . L L P S R R S S
This 2 Stage Algorithm 5050.3 fb 0, 200 200 500 300 1000
Pr(Z) (GeV)
g%
extraordinary subprocess energ§/§(>5 TeV) where the to- g4s :
tal cross section is orders of magnitude below one event pex 35 £
LHC year. These events may arise from a combination of the§ 3 E
lepton correlation effect and an insufficiently large jet vol- ~ 25
ume for events at this energy scale, as suggested by the fun 12 3
tion given in Eq.(2). 1 E
05 |
0 T b b b b b b b

A. Comparison with the BHO integration package 4 4 5 =2 4 & 4 2 = Y(;' )_Y(z)s
Wi
In Table | we enumerate the leading order and NkG)(
predictions for O jefWZ production from the BHO integra-
tion package together with the result from this algorithm
which employs the BHO matrix elements. The NL&J

prediction differs considerably from the leading order one

and .thl.s algorithm is able to reproduce the.N!‘@’I BHO ._rithm (points with error bars Only positive weighted events are
predlptlons well. The accqracy of the prediction from thISincluded in the algorithm distribution, and the errors are statistical
algorithm suffers slightly with respect to that from the BHO only. The distribution of discarded negative weighted events from
integration package alone in that the correlations betweefe aigorithm are shown in the lower shaded histogtaging the
integration variables make it more difficult for the adaptive 5psolyte value of the weightsThis distribution is several orders of
integration to optimize the phase space sampling. magnitude below the positive weight event distribution, and is only
It takes considerably more computer time to evaluate thepservable on the logarithmic upper plot. The distributions are for
NLO(ag) matrix elements than for the leading-order casethe 0 jet case with kinematic cuts as described in the text.
This algorithm requires a further factor 200 over the NLO

(ag) integration package in evaluating one weighted evenion from the W-decay (Fig. 2, bottom is sensitive to the
t_Jecause of the 2100 subevents in the second stage integraapproximate radiation zero in hadron¢Z production[17].
tion. . o Finally the missing transverse momentum distribution is
Monte Carlo hit-and-miss is used to extract a sample oknown in Fig. 3. The jet integration volume arises from this
unweighted events from thipositive definitg events gener-  gjstribution, and so it is the place where discrepancies be-
ated using this algorithm. No attempt has been made t0 ORween this algorithm and the integration package might arise.
timize for efficiency, and the time required for the generationTpe agreement between the BHO integration package and
of one unweighted event is quite lafgsith an efficiency of this algorithm in all of these distributions is good.
about 0.1%. Nevertheless .it is'possible to generate an event |y grder to evaluate the effect of remnant negative weight
sample of a few low luminosity LHC year6.e., several gyents, the absolute value of the weights of negative events
thousand eventsn several hours using computer farms of jg plotted in Figs. 2 and 3shaded regions The remnant
the size currently in use at most universities or experimentsyegative weight event distribution is several orders of mag-
Weighted 0 jet event distributions are compared in Figs. Zyitde below the positive event distribution in all cases and
and 3 for the BHO integration package and this algorithmjs |argest in the region where the differential cross section is
Figure 2(top) shows the transverse momentum distributionggq largest, and so the effect of these events is negligible
of the Z, which is the.distribution norma}lly used to probe everywhere. Histograms of this sort provide the means of
anomalousVWZ couplings at hadron collidefd6]. The ra-  eyaluating the effect of these remnant negative events. For
pidity separation between tteboson and the charged lep- faster event generation the second stage integration statistics
may be decreased, resulting in an increase in the size of this
shaded region. It is impossible to completely eliminate the
4200 seconds are required for one unweighted event using a 608haded region of remnant negative events by increasing the
MHz personal computer running Linux 2.2yTHIA [15] requires ~ Second stage integration statistics indefinitely, due to the lep-
only about 0.02 seconds for the generation of one leading tw#er  ton correlation effects discussed in the first part of this sec-
event with an efficiency of 1-2 %. tion. If the negative weighted events from the BHO integra-

FIG. 2. The transverse momentum distribution of théPY,
top) and the rapidity separation between thand the lepton from
the W decay[Y(ly)—Y(Z), bottom are compared for weighted
events from the BHO NLQts) generator(solid open histogram,
statistical errors are smaland for weighted events from the algo-
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FIG. 4. The transverse momentum distribution of theéPY,
top) and the rapidity separation between thand the lepton from
the W decay[Y(ly)—Y(Z), bottom are compared for weighted
events from the algorithnipoints with error bars Only positive ~ €vents from the BHO NLO¢s) generator(solid open histogram,
weighted events are included in the algorithm distribution, statistical errors are smaland for unweighted events from the al-
and the errors are statistical only. The distribution of discardeddorithm (points with error bans The distributions are for an inte-
negative weighted events from the algorithm are shown in the lowegrated luminosity corresponding to three years of low luminosity
shaded histogranfusing the absolute value of the weight¥his  running at the LHQ30 fo™*). The error bars assume Poisson sta-
distribution is several orders of magnitude below the positivetistics. The distributions are for the 0 jet case with kinematic cuts as
weight event distribution. The distribution is for the O jet case with described in the text.
kinematic cuts as described in the text.

FIG. 3. The missing transverse momentum distribufidp. is
compared for weighted events from the BHO NL«&g] generator
(solid open histogram, statistical errors are sjnatid for weighted

is not addressed by this algorithm, but this region of events is
tion package (without this algorithmn were also free of divergences and so unweighted event generation is
superimposed, they would be distributed uniformly abouteasily achieved with the usual Monte Carlo methods.
half an order of magnitude below the BHO prediction. A small number of remnant negative weighted events are
In F|g 4 unweighted events from this a|gorithm are Su_discarded by the algorithm. The effect of these events is
perimposed on the BHO integration package prediction fonegligible and contributes to a biased systematic Monte
the same distributions as Fig. 2. The error bars assume Poi§arlo error which may be monitored and evaluated.
son statistics and the agreement is good. This figure repre- The agreement between events generated with this algo-

sents the first unweighted event generation at NkQ(for  fithm and the BHO NLOgs) integration package is good.
the partonic processp—WZ(j). The algorithm is generalizable to a broader class of pro-

cesses. HadronitWy(j) production can be treated in an
identical way, while theW"W~(j) process with leptonic
decays can be handled by treating the neutriamti-

We have described an algorithm for unweighted evenheutring as invisible and the anti-neutrinmeutring as an
generation at NLOgs) for the partonic processpp  observable lepton for the purposes of this algorithm. Other
—WZ(j) with leptonic decays and evaluated its effective-means of generating the jet integration volume besides the
ness at LHC energy. Event generation consists of a two stagavisible neutrino may be used for other processes.

Monte Carlo integration, and so requires considerable com-
puter time. The possibility of optimizing the generation and
the code itself has not been addressed, and certainly the per-
formance may be considerably improved. The partition of The authors would like to thank the ATLAS Collabora-
events into 0 jet and 1 jet regions is motivated by experimention which motivated this project. We are grateful to Ulrich
tal capabilities and defined by a jet transverse momenturBaur for providing the matrix elements as well as informa-
cutoff. This partition, as well as the n-body afit-1)-body  tive correspondence and discussions. We thank lan Hinch-
partition inherent in the phase space slicing method, must biéfe and Jogen Beck Hansen for useful comments. This
taken into account in experimental analyses. work has been supported by the Natural Sciences and Engi-

Generation of high transverse momentum real emissionseering Research Council of Canada.
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